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Fig. 2: Carousel used to perform the TSV experiments.
carouselis“down.”Revolvingthecarousel
transferstheelectrodesthroughthesolutions
inachosenorder.
DeterminingMMCbyTSVmadeitpossible:
(a)toadsorbMMCattheHMDEfrom
medianotsuitableforconventional
voltammetricanalysisandtoperformthe
electrochemicalmeasurementsinthemedium
ofchoice(i.e.AFP);(b)toexploitthe
differencesintheadsorbabilityofMMCand
othersubstancestoseparatethematthe
electrodeinthewashingstep;(c)tostudythe
influenceoftheelectrodepotentialonMMC
signals;(d)tostudytheinteractionof
immobilizedMMCwithothersubstancesas
DNA,sinceitisknownthatMMCinteracts
withguanineresiduesinDNA.
Forsubstancesaccumulatedattheelectrodesurfacebyadsorptionthatdonotrequireanyaccumulation
potential(i.e.DNA),themodifiedelectrodecanbepreparedbyimmersingtheelectrodeinadropofthe
substanceatopencircuit.ThismethodiscalledAdsorptionTransferStrippingVoltammetry(AdTSV).
Using5-10µLdropsmakesitpossibletoreducethevolumeoftheanalyzedsamplebytwoordersof
magnitudeascomparedtotheconventionalvoltammetricexperiments.
RESULTSANDDISCUSSION
DeterminationofMMCinaqueoussolutionsbyusingSV
ConventionalvoltammetryofMMCsolutionsinAFPyieldstworeversiblecathodicpeaksat-0.31and-0.43
V(peaksIcandIIc).SVresponsesarehighlyinfluencedbytheaccumulationpotential(E)(4).AtEless AA
negativethan-0.3V(correspondingtoreductionoftheMMCquinonemoietywhichcausedthepeakI), c
bothpeakswereobtained.However,atEbetween-0.3and-0.4V,onlythepeakIIappeared.Thispeak Ac
waschosenforanalyticalpurposes,thusE-0.35VwasselectedforthedeterminationofMMC. A
UsingconcentrationsofMMCof9x10M,increasingtheaccumulationtime(t),resultedinpeakII
-7
Ac
showingalineardependenceupto3min(stirringat500rpm);atlongert,lineardependenceleveledoff. A
Stirringresultedina3-foldenhancementoftheresponse,henceindicatingthefastrateofadsorptiononthe
electrodesurface.TheproposedidealizedconditionsfordeterminingMMCinAFPsolutionsarethenEA
of-0.35V,andtat3min(stirringat500rpm). A
MMCgavealinearcalibrationfortheconcentrationrange1-20x10M(1x10Mcorrespondsto3.34ng
-8 -8
ml).Deviationsfromlinearitywereobtainedathigherconcentrations,wheretheelectrodesurfacewas
-1
saturated.FurtherdataaresummarizedinTable1.D.Marínetal. 104
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MixturesofMMCwithotheranti-neoplasicdrugsusedincombinedchemotherapy(13)weretestedby
usingSV.Doxorubicin,vinblastine,bleomycinandvincristineproducedtheirownsignalsatsubmicromolar
level.5-Fluorouracil(5-FU)producednopeakinthestudiedpotentialrangeandcisplatin(cis-Pt)showed
onlyalittlepeakat-0.52V.TheMMCcalibrationcurvesweredoneinmixturesMMCand5-FU,and
MMCandcis-Pt,andthesameresultsasinMMCalonewereobtained.Similarexperimentswereperformed
with5µMMMC,5-FUandcis-Ptconcentrationsvaryingbetween10and75µM,andnodifferencesinthe
MMCpeakcurrentwereobserved.
TheseresultsshowthatSV(atE-0.35V,t3min,stirringat500rpm)issuitabletodetermineMMCin AA
anexcessof5-FUandcis-Pt.
DeterminationofMMCinurinesamplesbyusingTSV
AttemptstodetermineMMCinurine(diluted4-foldbyAFP)byconventionalSVwerenotsuccessful
becauseurinesamplesaloneproducedpeaksinthepotentialregionclosetotheMMCpeak.This
interferenceofurinewasefficientlyeliminatedbyTSVinwhichMMCwasadsorbedattheelectrodeby
applyinganaccumulationpotentialof-0.35Vfollowedbywashing,mediumexchangeanddetermining
MMCimmobilizedattheelectrodeinablankbackgroundelectrolyte.
Acomparisonofthemeasurementswithandwithoutstirringoftheanalyteduringtheaccumulationtime
showedthattheMMCsignalisbetterandofhigheramplitudewithoutstirring.With1µMMMC,the
electrodesurfacewasfullycoveredattheaccumulationtime(t)of5min,withoutstirring.Reproducibility A
sufferswhentheelectrodeisnotcoveredfully.OptimalconditionsforMMCanalysisinurineweret5min, A
E-0.35V,withoutstirring.Alinearrelationshipofthepeakwasobservedintherange3-30x10M, A
-7
correspondingto100-1000ngml.AdditionaldataareshowninTable1.Thevoltammogramsdidnotshow
-1
anydifferencebycomparingtheurinesamplesspikedwithMMCalone,MMCand5-FUorMMCandcis-
Pt.TheMMCcalibrationcurveswereperformedinthesemixturesandthesameresultsasinMMCalone
wereobtained.
Table1:MitomycinCcalibrationcurvesinaqueoussolutions(usingSV)andinurine(usingTSV)in
bothcasesasmuchaloneasinmixtureswith5-fluorouracilorcisplatin
Aqueoussolutions  Urine
linearityoverrange(ngml) 3-70 100-1000
-1
slope.10(µA/ngml) 13.6 1.20
4-1
standarddeviationoftheslope.10 0.2 0.02
4
intercept(µA) 0.002 0.000
standarddeviationoftheintercept 0.001 0.001
correlationcoefficient 0.9988 0.9992
detectionlimit.(ngml) 3 30
-1D.Marínetal. 105
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Quantitatively,theMMCpeakwaslowerinurinethaninpureaqueoussolutions.Thismightbepartlydue
toadsorptionofsurface-activeurinecomponents(resistanttowashing)attheelectrodesurface.Thiseffect
producesa10-folddecreaseinsensitivity(slope)uponchangingtheadsorptionmediumfromwatertourine,
butdoesnotaffecttheaccuracyofthemeasurement,sinceurinespecimensofdifferenthealthyvolunteers
yieldthesamecalibrationcurve,indicatingthatthesignalisindependentoftheurinematrix.
Althoughthedetectionlimit(100ngml)ishigherthanthepreviouslyobtainedbyTjadenetal.(1ngml)
-1 -1
byHPLCwithon-linesamplepre-treatment(14),theTSVdeterminationofMMCaloneandinthepresence
ofotherdrugsinurineproposedinthispaperissufficientlysensitivetobeofpotentialuseintheclinical
analysis,sincetheconcentrationsofMMCinurineofclinicalpatientsrangebetween500-1000ngml(14)
-1
whilethoseof5-FU(15,16)andcis-Pt(17)usuallyexceed2000and750ngml,respectively.Themain
-1
advantageofthetechniqueproposedhereisthatinvariancetoHPLCandothermethods,whereitis
mandatorytoisolatethedrugfromthebiologicalmatrix,usuallybysolventorsolidphaseextraction,the
MMCdeterminationinurinedescribedhereisverysimpleanddoesnotrequireurinepre-treatment.Most
interferingsubstancespresentinurinesamplesareeithernotadsorbedattheelectrodeorareseparatedin
thewashingstep,iftheiradsorptionattheelectrodeisweakerthantheattachmentofMMCtothesurface.
TheTSVdeterminationofMMCisrapidandinexpensiveandmaybecomethemethodofchoiceforMMC
determinationinpatients.
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